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, hitting time cover time
$O(n^{3})$ . ,
Metropolis-Haistings
Metropolis walk hitting time cover
time $O(fn^{2})$ $O(fn^{2}\log n)$
. , $f= \max_{u,v\in V}\pi_{u}/\pi_{v}$
.
11( )













1. $v_{0}\in V$ .
2. $v_{0}$ $v_{1}\in N(v_{0})$











time $H_{G}^{P}(u, v)$ . , $G$
hitting time $(H_{G}^{P})$ .
$H_{G}^{P}= \max_{u,v\in V}H_{G}^{P}(u, v)$ .





cover time $C_{G}^{P}(U;u)$ . $G$
cover time$(C_{G}^{P})$ .
$C_{G}^{P}= \max_{u\in V}C_{G}^{P}(V;u)$ .
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22.1 hitting time, cover time
hitting time
, cover time $O(n^{3})$
$[$ 1, 2]. , 1
lollipop
[3].
, hitting time cover time ,
1: Lollipop
.
21 [6] $G=(V, E)$
$P$ $U\subseteq V$ ,
.
$C_{G}^{P}(U) \geq h(|U|-1)\min_{u,v\in U}H_{G}^{P}(u, v)$ ,
$C_{G}^{P}(U) \leq h(|U|-1)\max_{u,v\in I}H_{G}^{P}(u, v)$ .
, $h(n)$ $n$ ,
$h(n)= \sum_{i=1}^{n}i^{-1}$ .
2.2 [5] $G=(V, E)$ ,
$P$ , $u\in V$








$p_{uv}^{\beta}= \frac{\exp[-\beta U(u,v)]}{\sum_{w\in N(u)}\exp[-\beta U(u,w)]}$ .
$\beta$ . , $U(u, w)$
potential function .
$U(u, v)=U(v)=$ log deg(v),
$v\in N(u),$ $u\in V$.
$\beta=\frac{1}{2}$ ,
hitting time $O(n^{2})$ , cover
time $O(n^{2}\log n)$ .




[4]. , $u$ $v$ $p_{uv}$
, 2
$p_{uv}\pi_{u}=p_{vu}\pi_{v}$ (2)






$p_{uv}’=\{\begin{array}{ll}p_{uv}\min (\frac{\pi_{v}p_{vu}}{\pi_{u}p_{uv}} , 1) v\in N(u),1-\sum_{x\in N(u)}p_{ux} u=v,\end{array}$ (3)
$0$ otherwise.
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$p_{uv}’=\{\begin{array}{ll}\frac{1}{\deg(u)}\min(\frac{\pi_{v}\deg(u)}{\pi_{u}\deg(v)}, 1) v\in N(u),1-\sum_{x\in N(u)}p_{u,w}’ v=u,0 otherwise.\end{array}$
3.2
Metropolis walk hitting time cover time
.
32 [5] 2 $u,$ $v\in V$ , $u$
$v$ $u=v_{0},$ $v_{1},$ $\cdots,$ $v_{l}=v$
.
$\sum_{i=0}^{t}\deg(v_{i})$ . $\leq 3n$ (4)
$1\leq i<i+2<j\leq l$ } ,
$(N(v_{i})\cup\{v_{i}\})\cap(N(v_{j})\cup\{v_{j}\})=\emptyset$
. $w\in N(v_{i})\cap N(vj)$
, $vv\cdots,$ $vw,$ $v,$ $\cdots,$ $v\iota$
$u-v$ , .








. , $f=msx_{u,v\in V}\pi_{u}/\pi_{v}<\infty$ .





$\leq fn\max(\deg(u), \deg(v))$ (6)
. , $u$ $v$ $u=$
$v_{1},$ $\ldots,$ $v\iota=v$ ,
$H(u, v) \leq\sum_{i=0}^{l-1}H(v_{i}, v_{i+1})$ (7)
. (6),(7) 32 ,
$H(u,v)\leq 6fn^{2}$ (8)









$H_{i}^{(0arrow 1)}= \frac{n-1}{2}(f(n-3)+1)$ ,
$H_{i}^{(1arrow 0)}=f(n-1)$ ,
$H_{i}^{(1arrow 2)}=2(n-2+ \frac{1}{f})$ ,
$H_{i}^{(2arrow 1)}=2$ .





. , $U=V\backslash (\{v^{(0)}\}\cup\{v_{i}^{(1)}$ : $i=$33
1, 2, $\cdots,$ $\ell\})$ 21 ,
Star
glitter star . $C_{S}(U) \geq h(\frac{n-1}{2})H_{S}^{P^{*}}(v_{i}^{(2)}v_{j}^{(2)})$ ,
$P^{*}$
3.4 Glitter star Metropolis , $c_{s}^{P^{*}}\geq C_{S}^{P^{*}}(U)=\Omega(fn^{2}\log n)$
walk , hitting time cover time .
$\Omega(fn^{2}),$ $\Omega(fn^{2}\log n)$ $\pi$
33
. , $f= \max_{u_{1}v}\pi_{u}/\pi_{v}<\infty$
, $\pi$Gliter star $S$
$P$ , hitting time . ,
. $i$ ( 3) .
hitting time , $-$$p_{v^{(0)}v_{i}^{(1)}}=p_{i}$$(0arrow 1)$ , $H_{S}^{P}(v^{(0)}, v_{i}^{(1)})=H_{i}^{(0arrow 1)}$ , 3:$p_{v_{\mathfrak{i}}^{(1)}v^{(0)}}=p_{i}$$(0arrow 1)$ , $H_{S}^{P}(v_{i}^{(1)}, v^{(0)})=H_{i}^{(0arrow 1)}$ ,
$(1arrow 2)$ , $H_{S}^{P}(v_{i}^{(1)}, v_{i}^{(2)})=H_{i}^{(1arrow 2)}$ ,$p_{v_{i}^{(1)}v_{i}^{(2)}}=p_{i}$ 35 $T$ ,
$p_{v^{(2)}v^{(1)}}=p_{i}^{(2arrow 1)}$ , $H_{S}^{P}(v_{i}^{(2)}, v_{i}^{(1)})=H_{i}^{(2arrow 1)}$ , $\pi$ $\mathcal{P}$ .
$i$ $i$
, $P\in \mathcal{P}$ $H_{T}^{P}=\Omega(fn^{2})$ ,
$C_{T}^{P}=\Omega(fn^{2})$ $\pi$ .
. , $\pi_{v(0)}=\pi^{(0)}$ , , $n$ $T$
$\pi_{v_{i}^{(1)}}=\pi^{(1)},$ $\pi_{v_{\dot{t}}^{(2)}}=\pi^{(2)}$ ( 2 ) itting time
l $\pi^{0}=\pi_{\min},$ $\pi_{i}^{(1)}=\pi_{i}^{(2)}=\pi_{\max}$ , .
$H_{T}^{P} \geq\frac{1}{2}\sum_{v\in V}\pi_{v}^{-1}-n$ .
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$\pi_{\max}$ , $r\frac{n}{2}\rceil$ $\pi_{\min}$ ,
$2H_{T}^{P}\geq C_{T}^{P}=\Omega(n^{2}f)$ .
[4] W.K. Hastings, “Monte Carlo sampling meth-
ods using Markov chains and their applica-
$tionS^{)}’$ , Biometrika, 57, 97-109,
[5] Satoshi Ikeda, Izumi Kubo, Norihiro Oku-
moto, Masafumi Yamashita “Impact of Lo-
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Metorpolis walk , hitting time
$O(n^{2}f)$ , cover time $O(n^{2}f\log n)$
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